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Synthesis General procedure for the Sonogashira coupling reaction
A dry THF/NEt 3 or DMF/NEt 3 (4:1) mixture (5 mL) was subjected to deoxygenation by three freezepump-thaw cycles with argon. It was then poured over a round-bottom flask containing the corresponding amount of the compound bearing the ethynyl group, the right proportion of halogenated species, Pd(PPh 3 ) 4 (0.02 eq., 0.0025 g) and CuI (0.01 eq., 0.0002 g). The resulting mixture was stirred for 12 hours under argon atmosphere at the corresponding temperature for each case. Once completed, the mixture was filtrated over a celite plug and the solvent was evaporated under reduced pressure. The residue was purified by silica gel column chromatography using the respective eluent to give the desired products. The slight modifications of this procedure are remarked in each case. Br-dC. This compound was prepared from 2,6-dibromobenzo[1,2-b:4,5-b']dithiophene (3 eq., 0.114 g), C1 (1 eq., 0.031 g), and a dry DMF/NEt 3 (4:1) mixture as solvent. The reaction mixture was stirred at 60ºC overnight. The crude was purified using chloroform/methanol (40:1) as eluent. GdC. This compound was prepared from Br-dC (1 eq., 0.071 g), G1 (1.1 eq., 0.052 g), and a dry DMF/NEt 3 (4:1) mixture as solvent. The reaction mixture was stirred at 60ºC overnight. The crude was purified using chloroform/methanol (10:1) as eluent. AdU. This compound was prepared from Br-dU (1 eq., 0.071 g), A1 (1.1 eq., 0.056 g), and a dry DMF/NEt 3 (4:1) mixture as solvent. The reaction mixture was stirred at 60ºC overnight. The crude was purified using chloroform/methanol (10:1) as eluent. AdU was obtained as a yellow solid in 72% yield. 1 
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I-aU (46%) Scheme S3. Synthesis of dinucleosides GaC and AaU from diiodoBODIPY I-a-I via two consecutive Sonogashira coupling reactions.
I-aC. This compound was prepared from 4,4'-difluoro-1,3,5,7-dimethyl-8-pentyl-4-bora-3a,4a-diazas-indacene (3 eq., 0.270 g), C1 (1 eq., 0.074 g), and a dry DMF/NEt 3 (4:1) mixture as solvent. The reaction mixture was stirred at 40ºC overnight. The crude was purified using chloroform/methanol (40:1) as eluent. I-aC was obtained as a pink solid in 53% yield. 1 GaC. This compound was prepared from I-aC (1 eq., 0.115 g), G1 (1.1 eq., 0.066 g), and a dry DMF/NEt 3 (4:1) mixture as solvent. The reaction mixture was stirred at 40ºC overnight. The crude was purified using chloroform/methanol (10:1) as eluent. I-aU. This compound was prepared from 4,4'-difluoro-1,3,5,7-dimethyl-8-pentyl-4-bora-3a,4a-diazas-indacene (3 eq., 0.270 g), U1 (1 eq., 0.060 g), and a dry DMF/NEt 3 (4:1) mixture as solvent. The reaction mixture was stirred at 40ºC overnight. The crude was purified using chloroform/methanol AaU. This compound was prepared from I-aU (1 eq., 0.060 g), A1 (1,1 eq., 0.080 g), and a dry DMF/NEt 3 (4:1) mixture as solvent. The reaction mixture was stirred at 40ºC overnight. The crude was purified using chloroform/methanol (20:1) as eluent. AaU was obtained as a purple solid in 24% yield. 1 
S0C. Photophysical characterization
Fluorescence quantum yields were obtained following the comparative method of Williams et al. 3 at room temperature. A solution of anthracene in deoxygenated cyclohexane was used as standard 4 in the case of donor benzodithiophene species, as their absorption and emission range are similar to each other. Donor species were dissolved in deoxygenated toluene. The emission spectra of the corresponding compounds were measured using an excitation wavelength of 350 nm. On the other hand, for acceptor BODIPY species a solution of cresyl violet perchlorate in deoxygenated ethanol was used as standard. 4 Acceptor species were dissolved in deoxygenated toluene. The emission spectra of the corresponding compounds were measured using an excitation wavelength of 540 nm. 
S1. DOSY measurements and molecular size estimation
Diffusion NMR experiments were performed with GdC solutions in CDCl 3 and CDCl 3 /DMSO-D 6 mixtures in the presence of equimolar amounts of mesitylene, which served as an internal reference ( Figure S1A ). The use of an internal reference whose hydrodynamic radius is known, like mesitylene in this case (R ref DOSY experiment carried out in CDCl 3 (Figure S1A-a) revealed a single diffusing self-assembled species. The characteristic signals for G:C H-bonding (G-amide and C-H amine protons) are found around 13.5 and 10.0 ppm, respectively. 7 The diffusion coefficients obtained from the T1/T2 relaxation curves match an assembly whose hydrodynamic radius agrees with the expected size of a cyclic tetramer, estimated from molecular modelling studies (see Table S1A ). However, in CDCl 3 /DMSO-D 6 82:18 (v/v) the DOSY experiment displayed the presence of two species in slow exchange: the cGdC 4 tetramer, having a lower diffusion coefficient, and the corresponding monomer GdC 4 . In this case the corresponding "solvated" G-H amide signal of the monomer at around 10.8 ppm is also observed (see inset in Figure S1A -b). 7 Table S1A . Diffusion coefficients and estimated hydrodynamic diameter of GdC.
We also performed similar experiments for AaU, in which both the base pair and the central dye are different. In this case, in analogy with previous dilution NMR experiments with AU, 7 the 1 H NMR spectrum in CDCl 3 shows a slow equilibrium between cAaU 4 and a small amount of monomer AaU, which is at the same time in fast equilibrium with small open oligomers ( Figure S1B ). Despite this sample is not ideal for DOSY experiments, the calculated diffusion coefficients are again in good agreement with those the size expected for a tetramer, estimated from molecular modelling studies (Table S1B ). Figure S1B . DOSY NMR spectrum of AaU in CDCl 3 , 10 -2 M, 298 K. The average diffusion coefficients measured are indicated in blue for AaU and in red for mesitylene, which was employed as an internal reference. Table S1B . Diffusion coefficients and estimated hydrodynamic diameter of AaU.
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S2. Temperature-dependent emission and CD experiments
Diverse CD and emission measurements at different concentration and as a function of the temperature were also performed for GdC (Figure S2A ), GaC (Figure S2B ), AdU (Figure S2C ), and AaU ( Figure S2D ).
In the case of GdC or GaC, which form more stable assemblies, the characteristic spectroscopic features of the cyclic tetramers (emission maxima at ca. 530 nm (cGdC 4 ) and 623 (cGaC 4 ) and Cotton effects at the absorption maxima) remain virtually invariable in toluene, and only start to display the typical monomer features at high temperatures and/or concentrations below 5·10 -6 M (see for instance Figure S2A -d, measured at a concentration of 1.0x10 -6 M, too low for CD measurements). 
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For AdU or AaU, on the contrary, the cyclic tetramers are not formed quantitatively within the measured concentration range, and are dissociated rapidly by increasing temperature and/or decreasing concentration. 
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Calculation of K T and/or K p from the spectroscopic changes experienced by GdC+aC and AdU+aU in the corresponding competition experiments was performed by using the software ReactLab™ EQUILIBRIA which is developed and commercialized by Jplus Consulting Pty Ltd (http://jplusconsulting.com/). It allows for the global fitting of multiwavelength spectroscopic data to chemical reaction schemes, and determines all equilibrium constants in the underlying mechanism. The analysis also yields the concentration distributions of all species and the individual spectra of all the participating species. The program, including all algorithms and the GUI frontend has been developed in Matlab and compiled to produce the final deployable application.
The whole spectra are fitted by this program in all cases, but only a few selected wavelengths are plotted in Figures S3G and S3H . Three equilibrium constants were considered: K a (the reference association constant between complementary nucleosides in toluene), which was calculated before 5 and fixed at the values shown in Table 1 in the text; K T (the cyclotetramerization equilibrium constant), which can be calculated by the program or fixed at the values determined from the dilution experiments and shown in Table 1 , and K p (the apparent peripheral binding constant between macrocycles and mononucleosides), which was calculated by the program. The program provides the calculated spectra of all the species involved for additional assessment. It also provides the corresponding speciation curves from the calculated data, but those are usually more conveniently plotted with the HYSS software for practical reasons. Figure S3G . Fitting of the emission data of GdC+aC (at 3 different concentrations) in toluene by the ReactLab™ EQUILIBRIA software. 8
